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Occurrence of Zoophthora radicans infecting nymphs and adults of Thaumastocoris peregrinus Carpintero
and Dellape, 2006 is reported in Brazil. This is a new record of host for this fungal species and the ﬁrst
fungal pathogen associated with this pest worldwide. Infection of Z. radicans on T. peregrinus populations
on commercial Eucalyptus plantation (Eucalyptus spp.) reached up to 100%, and low insect densities were
associated with high levels of fungal infection in three out of seven plots. This pathogen seems to be vir-
ulent against T. peregrinus and may play an important role in population regulations of this invasive pest
through naturally induced epizootics.
 2012 Elsevier Inc. Open access under the Elsevier OA license. In 2008, the bronze bug, Thaumastocoris peregrinus (Carpintero
and Dellape, 2006) (Heteroptera: Thaumastocoridae), was detected
for the ﬁrst time in Brazil (Wilcken et al., 2010). No effective natu-
ral enemies are known to regulate T. peregrinus populations in
Brazil, and its frequent outbreaks usually cause severe damage to
Brazilian Eucalyptus plantations (Wilcken et al., 2010).
This pest is native to Australia where attacks speciﬁcally
Eucalyptus trees (Carpintero and Dellape, 2006). After its recent
introduction to South America and South Africa, millions of hect-
ares of plantations are now being infested and threatened. Infested
trees initially display a reddening of the leaves and, as the infesta-
tion increases, the entire canopy turns reddish yellow and the
leaves drop. The economic damage from insect defoliation results
in reductions of tree growth and, consequently, of wood yield
(Wilcken et al., 2010).
Due to lack of effective control methods for T. peregrinus, the
search for natural biological agents of T. peregrinus is on-going.
The egg parasitoid Cleruchoides noackae Lin and Huber (Hymenop-
tera: Mymaridae) found recently in Australia is currently the only
available potential biological control agent for T. peregrinus (Nadel
et al., 2011). This work describes the natural occurrence of an62.
).
evier OA license. entomophthoralean fungus on ﬁeld populations of T. peregrinus
in eucalyptus plantations in Brazil.
The eucalyptus plantation selected was located in the city of
Boa Esperança do Sul (25500 S, 48300 W, 489 m altitude, ‘Aw’
weather), State of São Paulo, Brazil and have been severely at-
tacked by this pest since 2009. Seven Eucalyptus plots were sam-
pled in this region during the spring of 2009 in three different
dates (October 05, October 14, and November 11). Plots consisted
of different Eucalyptus clones from 1 to 6 years old and with differ-
ent levels of T. peregrinus infestation. Plot sizes varied from 17 to
67 hectares. Except for plot G, where trees were 0.8-year-old, trees
from all other plots were 4–6 years old. In each plot, two randomly
trees were cut down, and 25 leaves were randomly collected from
each tree. In some sampling dates when the insect density was
very low, up to 150 leaves were collected. Different trees were se-
lected in each sampling date. Live and dead nymphs and adults
were recorded. Dead insects without fungus colonization were col-
lected and incubated in glass Petri dishes lined with dampened ﬁl-
ter paper in an incubator, at 25 ± 0.5 C under total darkness until
fungal sporulation. Live individuals were also incubated under the
same conditions for 7 days to check for fungal latent infections.
Cadavers on leaves with obvious fungal infections were checked
microscopically to conﬁrm the identity of the pathogen. The fungal
incidence was calculated as the number of infected nymphs and
adults divided by the total number of specimens sampled (live
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corded continuously by a weather station on the ﬁeld site.
Morphological characterization of the fungus was performed
using ﬁve infected nymphs mounted in lactophenol cotton blue.
For conidial measurements, 20–30 primary conidia were randomly
selected from each T. peregrinus nymph cadaver. Conidia were
measured using a phase-contrast microscope at 400 magniﬁca-
tion. Other morphological characters were also observed such as
the type of rhizoids, conidiophores, and fungal conidiation. Capilli-
conidia were not measured because few were found only on leaf
not on sporulated insects on microscope slides.
SSU (18S) rDNA was ampliﬁed using the fungal universal prim-
ers nu-SSU-0021-59; Gargas and DePriest, 1996), nu-SSU-1780-39;
DePriest, 1993). PCR products were sequenced using the PCR prim-
ers and the internal primers comp-SSU5; (Delalibera et al., 2004),
NFREV (5´-ATTAAACCGCACGCTCCA-3´) and NFFWD (5´-AGCGCTA-
CACTGCATGCAGCAA-3´) (Delalibera Jr., unpublished).
The sequences obtained in this study were edited using the Bio-
Edit software (Hall, 1999), and then aligned with 11 SSU rDNA se-
quences with highest match from GenBank. All sequences
alignments were performed using Muscle 3.7 (Edgar, 2004), with
all default parameters, followed by reﬁnement using BioEdit. The
alignment accuracy and reliability were evaluated by the method-
ology proposed by Hall (2008). To select optimal substitution mod-
els it was used the mrModelTest Version 2.3 (Nylander, 2004).
Bayesian analyzes were performed with the parallel CVS version
of MrBayes 3.2 (Ronquist and Huelsenbeck, 2003). Each inference
was made using four Metropolis-coupled Markov Chain Monte
Carlo (MCMCMC), and consisting of 5,000,000 generations with
samplings every 100 generations and using a random starting tree.
In all analyzes, Conidiobolus pumilus (‘‘Zygomycetes’’: Entomoph-
thorales) was used as outgroup.
The average standard deviation of split frequencies was used to
assess the convergence of two runs. Bayesian posterior probabili-
ties were calculated from the majority rule consensus of the tree
sampled after the initial burn in period. The matrix of divergence
was constructed with MEGA 4.0.2 (Tamura et al., 2007).
During the ﬁrst survey to monitor bronze bug population den-
sities, we observed an entomopathogenic fungus naturally infect-
ing nymphs and adults of T. peregrinus. The fungus was identiﬁed
as Zoophthora radicans (Entomophthorales: Entomophthoraceae)Fig. 1. Phylogenetic tree proposed by Bayesian inference for the 18S rDNA sequences clo
to the branches indicate the posterior probability values. Outgroup Conidiobolus pumulisbased both on its morphology and 18S rDNA sequences. The
average primary conidia were (mean ± SE) 18.09 ± 0.22 lm 
6.46 ± 0.11 lm with L/D ratio of 2.82 ± 0.06. These dimensions
correspond to those cited for Z. radicans by Keller (2007) and by
Humber (1989). The primary conidia were cylindrical to slightly
fusiform, with conical to rounded basal papilla, and they were pro-
jected from the digitately branched conidiophores. We found capil-
loconidia on leaves near sporulated cadavers but this type of
secondary conidium was not produced on microscopic slides then
it was not measured. A few secondary conidia emerged laterally
from the primary conidia. Mummiﬁed nymphs and adults where
observed to be attached to leaves by rhizoids originating from their
terminal segments and leg intersegments. Compound rhizoids
with specialized holdfasts usually accompanied by monohyphal
rhizoids were observed. The proposed phylogeny for 18S rDNA
sequences clustered in a monophyletic branch the bronze bug
pathogen and all Z. radicans sequences. Further, a sequence align-
ment evaluation indicates more than 98% of similarity among
those branch participants (Fig. 1). This is a new record of host for
this fungal species and the ﬁrst fungal pathogen associated with
this pest worldwide.
The fungal entomopathogen was detected in 14 plots out of 21
observations (=7 plots/survey  3 surveys) varying from 0 to 100%
of infection level per plot (data not shown) and also ranged from
0.0 to 1.0 dead insect (nymphs + adults)/leaf. The density of live
insects (nymphs + adults) ranged from 0.0 to 3.7/leaf (Fig. 2). Some
data indicated the fungal impact on the host population. For exam-
ple, fungal incidence was associated to dramatic population de-
crease in plot G. At this same plot, after observing 100% infection
in the ﬁrst survey, living insects were not detected in subsequent
surveys representing a post-epizootic stage. In the ﬁrst sampling
(October 05) in plots B, C and F, insect populations were very
low and P40% of insects were infected by Z. radicans. During the
following sampling dates, fungal prevalence reduced and insect
density increased Fig. 2.
The density of surviving insect populations tended to increase
over time in plots A, B, C, D and F (Fig. 2). In plot E, the insect pop-
ulation increased from the ﬁrst to second survey and then sud-
denly decreased in the third survey, although apparently due to
reasons other than fungal infection. Plot D showed no insects in
the ﬁrst survey, but in the following surveys insect density in-sest related to the one obtained from the T. peregrinus pathogen. The numbers close
. Genbank accession numbers are presented after each species name.
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Fig. 2. Densities of live (healthy) nymphs + adults of Thaumastocoris peregrinus and percentage of insects infected by Zoophthora radicans in seven plots sampled in Eucalyptus
plantations in Boa Esperança do Sul, State of São Paulo, Brazil.
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survey. Plots A, E and F showed a high fungal incidence in 1st sur-
vey, whereas subsequent surveys indicated increasing densities of
live and healthy insects together with decreasing levels of fungal
infection. Fungal infection between 37% and 57% of T. peregrinus re-
corded in plots B and C in 1st survey, respectively, were associated
with low number of insects per leaf (0.14 and 0.22 insects/leaf,
respectively). Fungus appeared more frequently in the 1st survey
being detected in 86% of assessed plots. In 2nd survey, plots exhib-
ited low levels of fungal infections on the bronze bug, except for
plot C where 31% of mycosis were recorded. No mycosed insects
were found in three out of seven plots during the 3rd survey,
and pathogen infection had the lowest rates (Fig. 2.). Therefore, a
large variability in fungal incidence was observed among sample
trees (0 to 100% infected insects/tree). This data variability may
be attributed to the bronze bug spatial distribution, along with
the sampling method adopted (independent trees were sampled
along surveys) herein, but the unexpected discovery of this new
fungus-insect interaction opens new avenues of research to be ex-
plored in Brazil as a model of biological control in eucalyptus using
a fungal entomopathogen.
Climatic data were monitored during October and November in
2009. Rainfall from October 01 to November 11 was 96 mm with
very concentrated rainfalls in few days. Five days before to the ﬁrst
survey, relative humidity was high (average of 82% RH) and tem-
peratures were 16.8–30.4 C. This period prior of the ﬁrst survey
seems to have been very suitable for fungal infection, based on
the greater number of plots with fungus attacking the insect host.
The relative humidity decreased to 68.2–68.3% in intervals be-
tween ﬁrst and second survey and from second to third survey,
but temperature ranges were very similar to those during the ﬁrst
survey. From these results, it is possible to infer that the frequency
of surviving insects increased in an inverse manner with the rela-
tive humidity through the entire survey period, while fungal inci-
dence decreased, especially in last survey.
Z. radicans is one of the most common and globally distributed
entomophthoralean entomopathogens causing epizootics under
natural conditions (Papierok and Hajek, 1997), and infects a wide
range of hosts (Humber, 1989). The ﬁrst report of Z. radicans in Bra-
zil was made by Hoffmann et al. (1979) on the soybean caterpillar
Anticarsia gemmatalis (Hübner) (Lepidoptera: Noctuidae), and
recently Alves et al. (2009) observed a natural epizootic of this fun-
gus causing 90% mortality on the psyllid Gyropsylla spegazziniana
Lizer & Trelles (Hemiptera: Psyllidae) in a commercial Paraguaytea plantation. Besides these reports, the ARS Collection of
Entomopathogenic Fungal Cultures holds some strains of
Z. radicans collected in Brazil mostly on insect species belonging
to Cicadellidae. Because T. peregrinus was recently introduced in
Brazil, virulent strains of Z. radicans might have been introduced
jointly with this pest, or that indigenous isolates of this fungal
pathogen efﬁciently adapted to this new pest from some other
host. In the place of origin for T. peregrinus, i.e., Australia, there
are no reports about the impact of any fungal entomopathogen
on populations of this insect. Therefore, we suggest that this could
be a new association between host and pathogen, and that this
fungus may be a promising candidate for regulation of this insect.
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